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ABSTRACT

We present a near-infrared J, I/, I and [/ band (1.25 - 3.80 pan) imaging
study of a sample of Seyfert galaxics, including some of the best studied
exatuples of those with extended emission line regions (EFLR). The obscerved
near-1R nuclear colors are consistent with a mixture of crissions from an
old stellar population and unreddencd hot dust. However, if the hot dust is
located in the inner part of the dusty torus invoked in unified schemes, the dust
cinission should suffer substantial reddening. We show that the near-1R nuclear
colors may also be reproduced with a combination of emission from unreddened
starlight and hot (7' = 1200K) dust reddened by Ay = 5 - 30mag. Al of the
palaxics exhibit an unresolved nuclear source at L. The circummnuclear colors
(in 2 0.5 - 1.Okpe annulus) are similar to those of normal spival galaxices in
most cases, although some galaxies exhibit extended emission at 1Y) presumably
from hot dust, causing the circumnuclear A - L' colors to be redder than for
normal galaxies. We argue that the circumnuclear hot dust in NGC 1068 and
NGC 4151 is probably heated by younge stars.

A detailed study of the morphologies of the central and circummnuclear
regions of the galaxies in our sanple is presented. We have constructed simooth
models of the old stellar population by fitting, elliptical isophotes to the J and
N band images. The model-divided images are examined for the preseuce of
isophotal deviatious from elliptical synunetry, such as internal hars, spiral ats.
cte, and compared with the structures seen in optical erission-line iimages, to
study the relative orientations of bars, the EFLRs, the nuclear 1adio emission
and the host galaxy. We find stellar bars in NGC 1068 and NGC 4253 whose
orientations are consistent with those of their FELRs and evidence for double

bars (or “bars within bars™) in Mrk 573, NGC 3081 and NGC 3393, Only in




NGC 2110 and NGC 4151 do we find no significant isophotal deviations from

elliptical symmetry. Finally there is an aligniment on small scales between the
near-1R continuum and the line emission in four galaxies, NGC 1068, NGC 2110,
NGC 308! and NGC 4253. These results seem to suggest that there is not a
unique explanation for the orientation of the EELRs seen in Seylert galaxics. In
some cascs, the EELRs could represent gas aligned with the nuelear stellar bars,
whereas in others, they are more likely to be related to gas escaping along, the

minor axis of the galaxies.

Subjeet headings:  Galaxies: active - galaxies: nuclei - galaxies: photornetry

galaxies: Seyfert - galaxies: stellar content - infrared: galaxies
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- INTRODUCTION

The unified model for active galactic nuclei (AGN) exolains he observed diTeren
between certain types of AGN in terms of an oricutation dependence of some prefe

see Antonucel 1993 for a recent review The aia

axis with respect to the observer (

observational evidence for such a schemne cones from spectropolarimetry, waiich  over |«

“hidden” broad-line regions (e.g., Antonucci & Mj Je 1985), and cmission-line imaej 1«
which shows elongated worphologics for the extended cmission-line cgions (PELR«
o 1nany Seylert 2 galaxies (c.g., Haniff, Wilson, & Ward 1988) 1 some cases. the

cinission-line images exhibit striking, conical or bi-conical structures (c.e., NGC 5252

Tadhunter & Tsvetanov 1989, NGC 5795 Wilson et al. 1993 and NGC 5613 § FENOT
et al. 1997). These “loniza ion cones” can e traced down to a few tens of parsees fron e
nucleus (e.g., NGC 1068 Evans et al. 1991; NGC 4151 Ivans of al. 1993), and the

cone axis is generally aligned with that of the adio cjec oo within a fow degrees (Wilson

& Tsvetanov 994 ).

In the unified scheme, these observations are usually exHlained by an optically-thick

torus that surrounds the nuclear engine and the broad line resion, obscuring them fron

view in Seylert 2 galaxies. This torus is also able to collimate the radiation and produce

the conical emission-line struetures Although this is an aHpealing model. here is currently
little divect evidence for the existence of the torus itself, and different physical sizes and
geometries have been proposed for the obscuring torus. Hot dust (7= 1000 1300 K
has Heen found to make an imuportant contribution to the near-infrared (near-1R) emission

from the centers of Seyfert galaxies (Glass & Moorwood  1985: Kotilainen o al. 1992h;

Alonso-Herrero, Ward, & Kotilainen 1996h), and it is natural to consider the possibl iy

that this dust lies within the torus. [ the dust in the funer walls of the torus has o

temperature 7'~ 10° K then the inner edge of the torus st only be a fow parscees from the



nuclear continuuin source (Krolik & Begeliman 1988; Lawrence 1991) in good agrecinent
with the models of the spectral encrgy distribution of NGC 1068 (Pier & Krolik 1993).
The total extent of the torus, however, may be much greater, perhaps several hundred
parsecs. Granato & Danese (1994) have fitted the spectral distribution energies of a sample
of Scyfert galaxies with optically thick tori with ratios of the outer to the inner radius

3 < re/ri < 3000. Using more indirect arguments based on the relative numbers of Sexfert
Is, intermediate and Seyfert 25, Maiolino & Ricke (1995) and Mcleod & Ricke (1995)
have suggested that the last two kinds of Sevfert galaxies are Seyfert 1s seen through a
100-pc mmmner radius torus coplanar with the galactic disk plane. Although there are few
direct observational constraints on the geonetry of the torus, high-resolution imaging has
revealed structure in the centers of Seyfert galaxies which supports the torus picture. Red
features have been found in color maps (e.g., Kotilainen & Prieto 1995, Siimpson et al.
1996) and dust laues have been observed in HST images (e.g.. NGC 5728 Wilson et al.
1993; NGC 5643 Simpson et al. 1997), in all cases straddling the nucleus and oriented
perpendicular to the radio/FELR axis. Although the resolution of these images is far larger
than the scale of the tnner radius of the torus, they indicate that dust has settled in the

equatorial plane and these structures may be dynamically linked with the torus proper.

In this paper, we present near-1R fmaging observations (from 1.25 to 3.80 y1m) of a
satnple of Seylert galaxices; many of which possess EFLRs. This study was designed to carry
out a detailed analysis of the innermost 0.5 and 1 kpe, as well as the larger scale structures of
the galaxics. Smooth galaxy models are constructed by fitting elliptical isophotes, examined
for isophotal deviations from elliptical symmetry, and compared with the morphology of
the FELRs, in order to test whether there is any relationship hetween the FELRs and the
circummnuclear regions when observed in the near- 1R The paper is organized as follows.

It Section 2, we describe the observations and their reduction. Section 3 discusses the

o~ 1 kpe-scale colors of the samnple of Seyfert galaxies, and describes their L'-band properties
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and the morphologies of their central and circumnuclear regions. The results are discussedd

in Section 4. Conclusions are sutnnarized in Section 9.

2. OBSERVATIONS

We have obtained near-1R hinaging of a sample of twelve Seyfert galaxies through J
(A= 1.25/(11,), H (Ac == 1.65qan), N (Ac = 2.204an) and L' (Ao = 3.80an) filters. The
Seyfert galaxies were selected according to the criterion that they show lonization cones or
FELRsin [() 1] AS007 and/or Ha -} [N 1] images. The sample, which is not complete, is
composed of type 1.5 through tvpe 2 Seyfert galaxies, including some of the brightest and
best studied examples of their class. The observations were carried out with the IR camera
TRCAM3 on the 3.9-m United Kingdom Infrared Telescope (URKIRT) during two observing
runs, 1995 January 2-5 aud 1996 December 30, with pixel sizes (7286 pixel™! and (7113
pixel™! respectively. The size of the J, H and N fmages is 256 x 256 pixels, whereas the size
of the ' images is 614 x 61 pixels. In some frames taken on the 1995 Jan run, wind shake
produced an artificial }- W elongation of the images; the shape of the images in the inner
few arcseconds should be treated with caution. For this reason, new images of seven galaxios
were obtained i the 1996 Dec run with a smaller pixel size and using a rapid guider, which
greatly reduces the effects of wind shake and iinproves the iimage quality. Conditions in the
1996 Dec run were nou-photometric. The sample is presented in Table 1, where the Tast

colutnu indicates the observing runs and filters in which the galaxy was observed.

The observational procedure mvolved taking several images of the galaxy which were
alternated with adjacent blank arcas of sky with the same number of coadds and on-source
integration times. The sky himages were used for both flat-fielding and sky background
subtraction. The individual object frames were offset a few areseconds so that residual

pixel-to-pixel sensitivity variations and the eflects of bad pixels were minumized. Standard



reduction procedures, involving dark-current subtraction, flat-ficld correction, bad pixel

removal, background subtraction, and individual galaxy hmage registration, were used.

Conditions were photometric during the 1995 Jan run so standard star obscrvations
were used to perform the photometric calibration of the images. A nuinber of standard stars
taken from the list given in Ilias et al. (1982) were observed several times throughout cach
night and reduced in a similar way. A flux calibration solution for cach filter was calculated
for the entire set of standard star observations, as no systematic variations were found
between difterent nights. T'he calibration was determined using a three parameter regression
(zcro point, extinction coeflicient and color term). The major source of uncertainty in
ncar-1R observations comes from the background subtraction. The size of the J, H and
K 1995 Jan tmages is large enough that most of the galaxies do not fill the detector ficld
of view, allowing us to mecasure the residual sky level uncertainties in blank arcas. These
uncertainties were found to be less than 0.5% of the original sky background, and no
systematic positive residuals are present, indicating that in most cases the galaxy light does

o, we find that the majority of the

<

not fill the nmage. In the case of the L'-band himagin
galaxies are compact, again allowing us to quantify the uncertainties associated with the
background subtraction in blank arecas on the edges of the images. Because of the higher
variability of the sky at this wavelength, the uncertainties tend to be larger, 2 - 3% of the
original sky value. Typical errors from the photometric calibration are 0.09, 0.04, 0.08 and
0.04mag in J, H, N and L', respectively. Since the observing conditions during, the 1996
Dec run were non-photometric, the magnitndes from the 1995 Jan obscrvations were uscd
to flux-calibrate the images by means of multiple aperture photometry. Due to the smaller
pixel size of the 1996 Dec observations, we were able to measure magnitudes and colors for
a 1.5"-diameter aperture, with errors typically between b and 10 % (due to the uncertaintios
on the sky background value). The full width half maximum (FWHN) was measured from

the standard stars and stars on the galaxy frames as 1 - 1.27 and 0.7 - 1" at N band for



1995 Janrand 1996 Dcc r1111s respectively.

Standard synthetic aperture photometry was performed 011 all the 1995 Jan near-1R
images using the IRAF APPHOT routines. Circular apertures were used to obtain magnitudes
for cach object. The magnitudes were measured through 3, 6, 9, 12, 15 and 30" (when
possible) diameter apertures in the J, I and K images, and 3 and 6" (when possible)
diameter apertures in the L'-band images (1995 Jan data). Note that in the case of
Mrk 463F-4W, 2 and 4” diamcter apertures were used to allow us to get measurements for
both nuclei. As noted above, when 1.5"-diameter aperture photometry is given, the data
correspond to the 1996 Dec run. Good agrecment (to within 20%) is found when comparing,
our results with previously published aperture photometry (Glass & Moorwood  1985;
Boisson & Durret 1986; Notilaiuen ot al. 1992a; Mclcod & Ricke 1995 Alonso Herrero ot
al. 1996b). At the bottoin of Table 2 we list the average sky brightness of the sky for cach

filter as measured from the images taken on the 1995 Jan run.

3. RESULTS

The aperture photometry is presented in Table 20 i which column (2) gives the
integration times in scconds for cach filter for the 1995 Jan data and, cnclosed in brackets,
for those galaxics obscrved on 1996 Dec. Columns (4) through (7) are the J - H, 1 - IV
and I -- I/ colors and the N-band magnitude respectively. Contour plots on a logarithmic
scale of the 256 x 256 pixel J- (the I and IV band images show similar morphologies) and
64 x 64 pixel L'-band images (1995 Jan data) ave presented in Figure 10 The L'-band images
have been plotted on the same scale as the J-band images to allow a direct comparison of
sizes and orientations in the nuclear regions. At the top of the L/-band pancl of cach galaxy
the linear size corresponding to 10” has been indicated (at the distances calculated from

the heliocentric velocities listed in Table 1, assuming fy = 50k 7! Mpe P, Tt is clear
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from this figure that inmost cases the L'-band emission is confined to the nuclear regions
with, at most, a sinall contribut jon from the underlying galaxy. This pointwill discussed in

more detailin Section 3.2.

3.1. Thenear-1R colors of thecentral ant] circumnuclear regions

Previous studies of the near-IR continuum of Seyfert galaxies (Glass & Moorwood
1985; Kotilainen et al.  1992b; Alonso-Herrero et al. 1996b) concluded that their J - H,
H - K and I - I nuclear colors can be explained by a model involving a normal stellar
component plus a hot dust component in emission. Alonso-Herrero et al. (1996h) also
showed that the A - L color is more sensitive to the presence of hiot dust and less aflected
by extinction than other near-1R or optical colors. T'his study, however, suftered from a lack
of seusitive small-aperture L band (Ac = 3.47an) measurements, since only a few galaxies
were imaged in this filter. The present study offers a number of advantages. First, a smaller
pixel size was used to obtain more reliable small-aperture measurements. Second, both the
good photometric and secing conditions during the 1995 Jan run allowed us to produce
more accurate magnitudes and colors (note that approximately 50% of the observations in
Alonso-Herrero et al. 1996 had to be calibrated with previously published photometry).
Third, good-quality L'-band imaging data were obtained for most of the galaxies in our

sample.

In addition to the colors micasured with a given anigular size (Table 2), we have
computed n car-1R colors from regions with a give n lincar size (‘Table 3). The minimum
projected aperture diameter is determined by the spatial resolution of the inages and
the galaxy distances, and we chose two ape v tures with projected diameters of 0.5 and
1 kpec. These two apertures are comparabletothesize of” the lilge-scale torusproposedby

Maioli no & Ricke (1995). We have also computed the colors of the annuli with inner radii
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0.5 kpe and outer radii 1kpe. Table 3 lists the angular diameters (in arcseconds) and colors
corresponding to the lincar sizes 0.5kpc arid 1 kpc in the first and second rows respectively,
and the colors correspouding to the 0..5 - 1 kpc aninulus in the third row. The listed errors
include uncerta inties due to both the photometric calibrat ion and the determination of the
sky level. Because of the la rgedistance of Mik 4631 4 W, we were not able to obtainits

colorsin 0..5 aud 1 kpc diameter apertures; inthe case of NGC 5252, we list only the Tkpe
andthe 1 — 2 kpcannulus colors. For NGC 4388 we compute the 3 - (” annula r colors to
match the size of the L-b and emission; for theassumeddistanced=17.1Mpc.these colors

correspondtoanammulus 0.2.5 - 0.5 kpe.

I'igure 2a and 2b shiow col or-color diagramns, namely J - H versus H - K and
H -- K versus I - L.l cach diagram, the circular/oval region to the left represents the
colors of bulges of n ormal spiral galaxies, whichmatchthe colors of a late-t~'])c stella
population (Willner et al. 1984), whereas the circular/oval region to the right represents
the typical colors 0of quasa s corrected to zero redshift (Hyla nd & Allen 1982; Neugebaner
et al. 1979). \\rc have assuimed a color transformation I, - L' = 0.15 (Ward et a. 1952)
when usi ng ph otometry from previ ous work. Thie effects of two magnitudes of visual
extinction (Ricke & Lebofsky 1985) are represented by the ar row in the upper left corner
The solid lines are the “mixing curves” representing the colors of thesum of a late-t~"I)t,
stellar p opulati on and cithe r a bla ckbody component (presumed to be representative of hot
dust) with temperatures 7' = 6 0 0,800, 1000 aud 1200 K (indicated next to the curves) or
nebular emission (only in the J - Il versus fl - K diagram). The purenebular component
represents th e colors produced by hydrogen and helinm continuum and line emission (sce
Alonso-Herrero et a. 199Ga for details). The nunbers indicate the ratio of the dust
Juminosity to the stellar luminosity at A, Laowo/Loen (With Toci shown by dashed lines)
or the ratio of the nebula r luminosity to the stellar luminosity. Openand filled civcles

represent the 0.5 kpe and 1.0 kpe-apert ure colors respectively, joined for cach galaxy, while
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the star-like symbols are the colors of the annuli.

Figures 2a and 2b conifirm the conclusion that the near-IR colors of the central regions
of Seyfert 1.5 — 2 galaxies may be explained by a combination of emissions from an evolved
stellar population and hot dust, possibly with some extinction effects. It is clear from hoth
diagrams that the fraction of cmission from the hot dust component increases for smaller
ap criures, and must therefore be concentratednecarthienucleus. The central J- # and
H — K colors canbe fully accounted for by emission from an evolved stellar population in
only two galaxies - NGC 30S1 and NGC 3393. For the rest of the galaxies, the Ly / Lot
ratios in the 0.5 kpc aperture are between ~ 0.5 and ~ 3. The most ext reme colors arce
those of NGC106S. ‘1'11( (lust temperaturesmostly range between ~ 600 and 1200 K, which
is in good agreciment with theaverage I - L/ color temperatures (1010 21830 K) found by
McAlary & Rieke (19SS) for an X-ray sclected sample of Sevflert galaxies. When comparing
these diagrams with fig ures 4 and 5 in Alonso Herrero et al. (1996b), where colors ina 37
diameter aperture were plotted, it is noticeable that the scatte rinthe near-1R colors is
significantly reduced. This reduction in scatter is likely the result of our plotting colors in
apertures of agivenlinear diameter whichare generally sialler than 3% It is also clear from
Table 2 that large aperture colors (i.c., those including most of the galaxy) tend to resemble
the colors of normal spiral galaxics, except for NGC 4151 and NG C 4253 which still show
quitered H -- I\ colorsevenin 30" apertures. The J - Hand 11- A colors of the 0.5-1 kpe
annuli are less aflected by dust emission tha nthose of the central regions, and correspond
quite well to the colors of norimal galaxies; only the colors of NGC 4253 remain very red.
In at least some galaxies (c.g., Mrk 348, Mrk 573, NGC 1068 and NG C 4151 ) the K - 1/
colors of the anuul us cannot be explained as emission from an evolved stellar population
plus extinction effects. Rathier, the annular &' L' colors seem to reflect a combination
of anevolved stellar population with hot dustin emission, with the fraction of A-band

cmission from hot dust heing sinal ler than for the sinall nuclea v aperture. Thie N - 1/ colors
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of the annulusin NGC 2110, NGC 2992, NG € 3081 , NGC 4388 and NGC 5252 could be
simply the colors of alievolved stellar populationreddened by a foreground extinction 0f

Ay o~ 2-- 41mag.

Although the above model successfully explains the observed nuclear colors, a mmore
realistic modelinthe context of the unified model wouldbe desirable. Different geometrices
and physical sizes have been proposed for the hot dust close to the central engine, including
a warped thin disk (Sauderset a. 1989), and a dusty torus extending over a few hundred
parsccs in which the hot dust is located in the inner wall (N rolik & Begelinan 1988, Pier &
Krolik 1993, Granato & Danese 1994, Maiolino & Ricke 1995). i1 the dusty torus scenario
the existence of differential reddening between the stars and the hot dust is predicted, since
the torus maybe optically thick even in the mid-1R. Here we examine the possibility that
the near-IR colors are produced by a combination of starlight not significantly reddened
(Ay < 2mag), aud hot dust much more reddened (Ay o~ () - 40 mag). Theresultsar e
illustrated inlFigures 2¢ and 2d, whicl again are color-color diagrams. In cach plot, the
dashed line shows how the color changes as the ratio of the intrinsic (unobscuped) dust
luminosity at i’ to the stellar luminosity at i is vzxriccl:;’ji‘:l‘ = 0.5 -- 5 (numbers next
to the curves). These dashied lines correspond to the solid lines in Figures 2a and 2b. I
Figures 2¢ and 2d we only plot the results for two dust temperatures: 7' 1200” and 600 Kk
ind - Hversus H - W, and? = 1200 and SO0 Kin // - KN versus ' - 1.7, The solid lines
represent the mixing curves of the colo s of anormal spiral galaxy (uWnobsc yred) and the
colors of not dust cimission (reddened by visual extinctions from Ay = o to Ay = 10 mag)
for the different ratios of dust cinission to the galaxy emissionin A'. 011 these lines. the
tick marks arc located every 10 magnitudes of visual extinction. Foregroundi eddening is
indicated by the arrow on the upper left corner. Note that in Figure 2¢] the dashied lines for
the 800 K-mixing curve illustrate how the Laus/ Laen ratio chianiges for the various assumed

dust extinctions. These results canbe readily compared with the data plottedin Figures 2a
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and 2b. Clearly, most of the 0.5 kpcllll(‘-l("dl J - 11, H - KN and I\ — L' colors can be also
explained as produced by amixtureof anold stellar populationand hot dust emission
with a temperature 7'= 1200 K, the latter cornponent reddened by between Ay =5 and
~ 30 mags. ‘I'he ratio of dust cimission to the stellar emission,as derived fromthese diagrams
of the nuclear co] ors,is b(t\\((}r; C-I““““ =land 6 in Figure 2¢ and between §:1:“‘ == 0.5 and
10 inFigure 2d. The 1 kpe colors arc reproduced with the same dust temperature and
Ay, but smaller values of »‘j“e‘ Ouly the nuclear colors of NGC1068 require a lower dust
temperature (1'== S00 i), mtllld“ b2 10 and Ay &~ 25 mag. The derived dust temperature
for NGC 106S agrees quite well with the effective dust temperature fitted by Pier & Krolik’s
(1993) models. Note however that although the models incorporating the extincted dust

emission do not provide in gene ral statistically better fits than the models with a mixture of

stellar light and unreddenced dust, they provide abett ¢r constraint to the dust temperat ure.

Since the emission from not dust scems to make a significant coutribution to
the observed NIR colors of our sample of Seyfert galaxies, one expects that the NIR
spectroscopic absorptionfcatures of stars should be diluted by the non-stellar continuum.
The dust emission clearly dilutes the CO baud (at 2.2 9 jun) in the nuclear spectrum of
NGC 106S (see figure 3in Origlia, Moorwood, & Oliva1993), with a non-stellar contribution
at 2.29,n of about 83% or equivalently ;f“ = 4.9, Thisresultisin good agrecment with
our two limiting estimates for the ratio of dust emission to the stellar emission in A from
Figures 2b and 2d, that s, 1:‘,{1“‘ -1, T'(dust) = 600 N for the unreddened dust model,
and —dt“‘l‘ = 1(), 7'(dust) = 800 K for the model with extincted dust (Ay = 25 mag). Far
NGC 2110 Oliva et al. (1995) estimate that the stars contribute approximately 80% of
the total continuum at 2.29 jun ox]‘“”“o 25 for a slit of 4% 61 our 1 kpe-apert ure
photometry we infer -ﬁ‘““ﬁl‘ = 0.50 with no significant Ay for the dust, consistent with the

‘stell

finding of Olivactal. (199.5).
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So far we have compared the NIR colors of our sample of Seyfert galaxies with the
expectations for normal galaxies. However, it is of interest to compare the actual surface
brightnesses onthe scales probed (e.g., radius 0.5 kpc,andthe 0.5--1 kpcannulus). Peletier
& Barcells (1997) present NIR SilI’fZdCC’ brightness profiles Of a complete sample of 30 ncarhy
SO to She galaxies. We have compared the NV-band surface brightness profiles of the Seyfert
galaxies with those of spiral galaxies with similar morphological typc and redshift. For all
our Seyfert galaxies except NGC 1068, NGC 4 151 and NGC 4253 we find surface bright ness
profiles similar to those of spiral galaxies, with diflerences ranging from 0.1 to 0.S mag
arcsec *for radi al dist ances bet ween 0.5 and 1kpe, and for the inner 0.5kpe. T'he surfa ce
brightnesses of the Seyferts NGC 1068, NGC 4151 and NGC 4253 at 0.5- 1kpc radi us are
1 — 2 mag arcsec “brighter than the normal galaxies. Interestingly,t hiesethree galaxies
show the reddest /I — ' colors for the 0.5 and 1 kpe-diameter apertures. From our sinall
sample of Seyfert galaxies we cannot however derive any statistically. significant conclusions
as to whether the surface bright nesses of the nuclear and circumnuclear regio ns of Seyfert

galaxies arc substantially brighter thanthose of norinal galaxies.

3.2. Thel/’-band imaging

Thermal imaging (A > 30n) has number of advantages over shorter near-1R
wavelengths for studying the non-stellar light at the center of active galaxies. It has already
been shown that contamination by stellar cmission is much smaller at L’ (or L) than at
shorter wavelengths; the nou-stellar contribution at 1.’ is between 30 and 90% of the total
emission in apertures with sizes between 3 and 10”7 (McAlary & Ricke 1988, Alonso-Herrero
et al. 1996b). In addition, dust with an equilibrium temperature 7' ~ 1000 - 1300 K has its
emission peak close to 3pan. A few L/-band (or L-band) imaging studies of active galaxies

have shown that the nuclear sources appear to be very compact at this wavelength with
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only a very small contribution from the host galaxy. EFxamples of such compact sources
include the radio galaxies Cygnus A (Djorgovskiet a. 1991), Centaurus A (Turner et

a. 1992)and PKS 0634--205 (Simpson, Ward, & Wilson 1 995), the Seviert 2 galaxies
NGC 1386, MCG —5-23-16 and IRAS 195 S0--- 1S1S (Alonso-Herreroet al. 1996b) and the
Seyfert1 galaxies NGC 7469 (Mazzarcllaet a. 1994°) and Mrk 231 (ZHou, Wynn-Williams.
& Sanders1 993).

When deteri ning the nuclear contribution to the total emission from a galaxy at
optical and near-1R wavelengths, the usual procedure involves deconvolving the profile into
different component s, typically an un resolved n uclear source, a bulge aud a disk. However,
because of the compact nature of the sources and the small contribution from the underlying
galaxy, such an approach is not feasible at//, and so a different incthod has been adopted.
Our approach is similar to that used by Mclecod & Rieke (1995) and Forbes et al. (1 1992),
and involves the ass umption that a point spread function (PS17) from observations of a
star 1S a good representation of the unresolved light from the nuclear point source. The
azimuthally averaged radial surface brightness profile of the galaxy is first obtained. Due to
the small arca covered by tile I'-band immages, there are no stars in the field, and therefore
astandard star obscrved shortly before or after the galaxy is usedforthe S 1", The stellar
PSY brightness profile is then scale’ (1 to match the central galaxy bright ness. Note that in
doing so we may overestimate the point source brightness since there is some stellar flux
at the nucleus itself. In I'l gure 3 we show four examnples of the I/-band brightness profiles
(expressed inmag arcscc 2, represented as squares with their associated errors. I'he PSI
brightness profiles are the stal-like symbols. n G aussian function has been fitt Cd to cach
stellar PSI, with the value of the secing inarcseco nds (FWHNM) indicated at the top of

each panel. The Gaussian fit is represented by the dashed line.

The contribution of the unresolved source is found by integrat ing both the galaxy and
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standard star brightness profiles within two apertures: a fixed 3" dia meter aperture i,
aperture comprising the surface brightnesslimit at I/ as indicated for cach galaxy in:
caption of Figure 1. Finally the ratios of the unresolved to the total 1/ flux are calculii.
for both apertures. The results are presented in Table 4, where column (1) gives the nane !
the galaxy, column (2) the FWHM (in arcsec) obtained by fitting a Gaussian function to i
standard star, column (3) the fraction of the total flux within a 3* diameter aperture wii.
is unresolved, colummn (4) the maximumradius used to produce the L' galaxy brightnes:
profile, col umn (5) the fraction of the total flux within the aperture given in the previon:

column which is unresolved, and column (6)the magnitude of the unresolved source atl.’

Irom Table 4 it can be scen that the contribution of the unresolved source to the
L'-band flux within a 3* aperture exceeds 80% for all the galaxies in our sample excep
NGC2992 and NGC 2110. ln our sample, the unresolved source accounts for between
26% and 100% of the L'~ band emission integrated over the brightness surface limit. Thix
result was anticipated by the non-stella v fri ve tions calculated by different methods, sucl,
as comparingthe ' — L colors of normal galaxies and Sevlert galaxies (McAlary & Ricke
19SS, Alonso-lerrero et al. 1996 b). I'or the four galaxics in common with the study of
Alonso-Herrero et al. (1996b) NGC 2110, NGC' 43SS, Mrk 348 and Mrk 573 - we find
good agreement (to withinthe errors) for the contribution of the unresolved source to the

integrated f{lux within a3” aperture.

3.3. Theorigin of the circumnuclear I’ emission in NGC 1068 and NGC 415

As noted in Section 3.1there are four galaxies in our sample (NGC1068, NGC 11-1!
Mrk 348 and Mrk 573) showing 0,5 --1 kpcannular /- Nand k' - 1.7 CO101'S whiclicany,.
be accounted for with a reddened normal stellar population. However for two of these

galaxies (Mrk 348 and Mrk 573) the angular sizes used to obtain the 0.5 kpe and 1 kpe color .
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are relatively small, and it is possible that some of the annular 1/ f{lux is fromthe

of the PSF. Yor this reason, these two galaxies are not included in the following an:

The two most likely mechanisms producing the extra L' flux iuthe circumnuclear re-
NGC 106S and NGC 4151 would be scattering of the intrinsic Seyfert spectrum by ¢l
inthe annulus region, orin-situheating of the dust by hot stars. The scattering cfl.
needed to reproduce the non-stellar aunular ' flux is too high, since the ratio of the:
non-stellar flux to the nuclear flux (assuming that al the 0.5 kpc flux is non-stellar
approximately 0.1 for bothNGC 106S and NGC .4151. |11 additionin the case of NG ('
the extended I band emission is aligned with the stellar bar, such an alignment would 1

be expected if scattered light from the nucleus was the origin of the extended emission.

We now consider the possibility that the extended L' emission is produced by in-sit n
heating of dust by hot stars. First we need to determine the excess L' luminosity, i.e..
the lloll-stellar luminosity within the annulus. We assume that the stars in the annulus
have W — L' = 0.45, and use Figure 2b to determine both the fraction of the armnlar
K-band luminosity emitted by the stars and the dust temperature. We assume that the
dust absorbs the UV radiation produced by a population of hot starsand reradiates thie
encrgy in the I/ band. All the no n-stellar L' flux will be reradiated dust emission, sinee the
types of stars responsible for heating the dust are hot and b hand therofore will not hav
much intri nsic NIR emission. For the purposes of our simple calculation we will assume
that only dust with temperatures ranging between 700 K and 900 K (this dust temperature
range is derived froml'igure 2b) will be making a significant contribution to the obscrved
non-stellar L' flux of NGC 106S and NGO 4151. Now weneed o deterinine a reasonable
value for the re-radiative efliciency to convert the UV luminosity emitted by the stars to
in frared reradiation by the dust. In a rough approximation this efficicucy can be expressed

as.



PR e
4
where  is the solid angle subtended by the dust, ¢gtakesintoaccount that only a!:
of the total dust emission comes out inthe 1, band,and for the considered temper:
range A7 is the optica depthnceded to reduce the temperature of the radiation field 1.
900 K to 700 K. We model ¢ as the ratio of the 3.4 — 4.1 jam emission to total emission fur
800 K blackbody. By restricting our calculations to a single temperature, we do not have
take intoaccount the actual temperature distribution, which is too model dependent. For

radiation field (I, — UV) we have,

where 7is the optical depth, Q is the absorption efliciency of the grains, ¢ is the emission
efficiency of the grainsand o is the Stefan-Boltzmann constant. The maximuirn val ue for the
rc.-radiative efficiency (i. e, assuming == 47) turns out to be f = 0.16 inour simple model.
The estimated dust luminosities withinthe 0.5 — 1 kpcannulusare 1.633:0.10 x 10% ere
s’and 6.094 0.10 x 10" crg S—I for NGC 1068 and NGC 4151 respectively. Hence the
lower limits to the UV luminosity needed to produce the observed L/ luminosisites would e
Luv~1.0X10%erg S* *and Lyy o~ 3.8 x 10" crg s~ respectively. Fauelliet al. (1997) hav.:
recently observed both galaxies with the Ultraviolet Imaging Telescope, and showed 1 fi
they display extended UV emission suggesting the presence of massive star formation i,
their host galaxics. These authors determine that the starburst disk of NG C1068 domin:,
the observed UV luminosity (= 80%), whercas the disk of NGC 4151 contributes abon:
of the total UV luminosity. From the near and far UV monochromatic fluxes and t he ,
of the UV disk emission to the total emissiongiveninFanelliet al. (1997), we cstimate,

disk UV luminosities of NGC 1068 and NGC 4151 to be Lyv{disk) ~2.2x10% crg s @ .



Lyv(disk)>~ 4.2 x 10”2 crgs™! respectively, whichwould suffice to account for theannul:
I emission inthesetwo galaxies. Summarizing, this simple calculationshows that in-sit,
heating of dust by hot stars is a plausible mechanisin to explain the annular non-stellar

emission in these two galaxies.

3.4. Morphology of the central andcircumnuclear regions

Mulchaey & Wilson (1995) have found a good correlatio t between the orientatio ns o!
the [O 111] A5007 emission line region and the green continuum on ascale of a few arcsecond
in a sample of Seyfert galaxies, and have suggested that this is due to the presence of an
extended feat ureless continuum component. Such an extended featureless continuum was
originally proposed by Traii(1995)inordet to explain the optical polarizations seen in a

sample of Seyfert2 galaxies.

McLeod & Rieke (1995) have found that the rate of occurrence of bars in Seyfert
galaxies is similar to that innormal galaxies. However, Maiolino et al. (1997) find that
asymmetries (namely, theoccurrerice of hars,interactionsand distorted morphologies)are
m ore {requently present in hosts of Seyfert 2 nuclei thanin field galaxies, and iusome case
are probably linked to anenhanced rate of star formation. Moreover, recent optical and
near-1R surface photometry studics of galaxies sclected as candidates for having at least
double bars (See forinstance Wozniaket al. 1995, Friedlietal.  1996) have shown that
the proportion of Seyfert galaxies amongst these double-barred systems is high. These
conflicting results arc undoubtedly due to the subjective nature of what constitutes a
distortion. Thisnaturally raises the question of whether suchstructures are more commo,
in Seyfert galaxies than in otherwise similar normal galaxies. In addit ion, small scale red
structures have been detected innea 1-1R colormaps of the ce nt ral or circumnuclear regions

of some Seyv{ert galaxies (e. g., NGC5252  Kotilainen & Prieto 1995; Mrk 348 Simpsor
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et al.1996) or in residualimages obtained after subtract.ing a smooth model based on fitting
elliptical isophotes to near-]1{ images (e. g, NGC7469 Mazzarella et al. 1994; NGC 985
- Appleton & Marcum 1993), or in optical imagesobtained with /157 (e.g.,NGC 5252 -
Tsvetanov et a. 1996; Mrk 573- Capettict a. 1996).

It is of interest, then, to study in detail the morphologies of the central and
circumnuclear regions of our sample of galaxies in order to determine whether or not there
is an align ment between the near-1]{ continua and the EELRs (including ionization cones)
and whether bars and red structures such as those mentioned above are commonly present
in Seyfert galaxies with[EBLRs. ‘1'0 deterinine the morphology of obscuration and/orthe
presence of large scale stellar bars, we have built sinooth m odels ot the J- and NV-band
images. I'or those galaxies observed during both runs, theisophotal analysis has been
performed on both sets of images. Models consisting of best- fitting elliptical isophotes were
constructed (by using the IRAL EL LIPSE routine) in order to reproduce the radial brightness
profile, ellipticity and the orientation (I’. A.) of the galaxy.T'he F or N'-band image of each
galaxy was then divided by the model, which is assumed to represent the stellar brightness
distribution. The resulting images will reveal any isophotal deviations from elliptical
symmetry, such as bars, spiral arms,Hilregions, etc. This surface photometry techuique
used in the near-IR has proven to be extremely useful for both tracing the old stellar
population and detecting bars and disks (I'riedli et a. 1996). In Table 4, columuns (i), (8)
and (9) we give the - A. of the 37-diameter (major axis) isophote inthe J, [ and A bands
for those galaxics observed with the smaller pixel size (1996 Dec data), and for a 5”-diameter
isophote for the1995 Jan data. We chose alarger diameter for the latter data because, as
mentioned in Section 2, wind shake produced artificial clongations in some images, so that
the shapes of the innermost isophotes may not be reliable. In Figure 4 we show plots of the
surface bright ness profile, ellipticity and P.A . as a function of the semi-major axis of tile

fitted cllipse in J for ecach galaxy inour sample except Mrk 4631\, When data existed
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from both observing runs, we plot both fits. In all cases we find an excellent agreement for

the fitted ellipticity and - A.in the overlapping regions of the galaxy.

In what follows, the results obtained for cachgalaxyinour sample are examined
for the presence of isophotal deviations from elliptical symmetry. The structures seenin
the model-cliviclcd images are compared with thosein optical line-emission images; the
possible co-alignment of these structures with the axes of the KELRs, radio emission and
overall galaxy orientation is also examined. Although bars and other non-axisymmetric
structures are clearly revealed in the model-dividedimages, we also examine the P.A.and
ellipticity plots to check that any such structures are not artifacts. According to Mcl.eod
& Rieke (1995), the existence of a bar is indicated whentheellipticity grows steeply with
radius and then falls off to the ellipticity of the disk of the galaxy, and at the samne time
the P. A remains constant over therange of increasing ellipticity. In Table 5 we give
the orientation of the outer parts of the galaxy as derived from tile ellipse fitting of the
lowest isophotes (1995 Dece data) in column (2), the orientation of the outer parts of the
galaxy derived from optical dataincolumnn (3), the I'. A. of the[O ] A5007 and radio
emissions in columns (4)and(5) respectively, andreferences for the optical and radio data
in column (6). Column (i) summarizes those structures found in the model-divided images
andtheir corresponding oricntations. We do not discuss NGC 4151hiere, because the
continuum images arc contaminated by diffraction spikes from the bright nucleus, and are

therefore not suitable for thiskind of analysis.
Notes on individual galaxies
Mrk 348

The near-1R and optical properties of the Seyfert 2 galaxy Mrk 348 have been extensively
discussed by Simpson et al. (1996). '1l'osummarize,after subtracting a Mmodel for the surface

brightness of the galactic bulge,they foundaredlinecar structure (interpreted as atiedge-on
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disk) in the near-I]{ continuum which runs approximately 2¢ (S00 pc) l-Wand is unresolved
in the N-S direction. Au HST' [0 111} A5007 iimage (Capetti et al. 1996) shows that the
central emission is confined to a linear structure 045 insize, withP. A.=155°,while 011
a larger scale the [0 111] AS007/Ha+ [N 11] emission is extended over several arcscconds and
shows a biconical mmorphology with axis at I'. A. =~ 170° (Simpson et a. 1996: Mulchacy et
al. 1996). Capettict al.’s (1996) optical continuumimage reveals obscuration across the
nuclear region with a scale of less than 50 pc. Theresolution of our images is not good
enough to determine whether this obscuration is associated withthe elongated red feature

seen in the near-IR images.

In Figure 4a we show the ellipticity and major axis P. A. as a function of the semi-major
axis of the fitted ellipse intheJ band. The P.A. of the L“-scale isophote inthe J, H and
I band images is close to 90° (consistent with the orientation of the elongated red feature
found by Simpson et al. 1996). However the fitted P. A.should be taken with caution
because of the low values of the cllipticity. Within a region of size equalto or smaller than

3“ (1 3kpc), 90% of the L'-band emissionappears to be unresolved.
Mrk 573

When fitti ng elliptical isopliotes to the J and A" ba nd images, a rernarkable twist in the
major axis of theisophotes isfound at a radial distance of 475 (sce I'i gure 4b), changing
rapidly from I, A. ~ 0° — 10° in the outerisophotes to P.A. >~ SO°-- 90° intheinner
isophotes. This is consistent, withthe presence of a stellar bar extending over approximately
90" (9. 8kpc) at P. A = 0° as also foundinthe /ST 5500 A continuum image (Capetti et
al. 1996). In addition to this large-scale bar, Pogge & DeRobertis (11995) firid evidence
for the presence of aninner stellar barinthis galaxy, oriented nearly F-W (P.A.~ 1000),
perpendicular to the larg~,-scale bar. Our data support this result, since the cllipticity

increases steeply from the nucleus out to radial distance » o~ 27, while the P A remains



approximately constant (Figure 4b). This galaxy therefore shows evidence for a“bar within

bar” situation.

Capetti et al. (1996) constructed an axisymmetric model from the /1S7 5500 A
continuum image and found a dust lane which spans 1“ (500 pc) and is significantly warped.
The variation of the P. A.andellipticity with radius found by these authors compares well
with our results, differencesin the ellipticity of approximately 0.1 are foundintheinner?2”.
The HST [0 111] A5007 image (Schmitt & Kinney 1996) reveals emission extending 2 to
the NW with a total opening angle of 70°, whose substructure is apparently dominated by
the interaction of the radio jet withthe ISM.TheP. A. of the 5”-diaineter ellipsc at J, 1/

and K (Table 4) arcall similar and consist ent with the orientation of the inuer bar.
NGC 1068

In Figure 5 we present the J-bandimage divided by the model of NGC 106S superimposed
on the J-bane] continuumimage (note that due to the brightness of this galaxy, the A'-band
image shows a ghost image of tile nucleus, and therefore the fitting is not reliable at that
position). The solid contours (emission in excess over the galaxy model) clearly show

an impressive stellar barandtheinnerspiralarms. The bar runs from NE to SW  at
position angle P.A. = 45° = 50°, approximately 36" (4 kpc)inextent, andbetween3and6”
(300 - 600 pc)inwidth,in good agreement withthe results found by Thronsonet al. (19s9)
at 1.6 and 2.2 gam. Furthermore, the resemblance of the deviations from the symmetric
model to the ‘{lumpy” morphology seeninthe COmap presented by Helfer & Blitz (1995)
is remarkable, althoughtheP.A. of the molecular bar is slightly different (o~ 63°). The
orientation of the bar differs from the kinematic and photometric major axis of the galaxy
disk (P.A.= SO°+9°, Baldwin, Wilson, & Whittle 19 S7). The [O 1] A5007 cmission line
region oOf this galaxy has a conical shape exteuded by 75 a P. A= 35°, with opening angle

45° (Fvanset a. 1991). The I/-band image shows emission within 57 of tile nucleus,with
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85 % of the total emission unresolved and associated with the nucleus, whereas the extended
emission at this wavelength follows the orientation of the J, H and i inner isophotes

(Figure 1.c).

In addition to the bar, there is a ring-like structure or perhaps inner spiral arms in the
J band image, with outer diameter ~ 36", similar to the 10 pm struct ure found by Telesco
et al. (19S4) and the morphology inthe UV/red continuum color map presentedin Pogge
& DeRobertis (1 993). These authors show that roughly half of the mid/far-IR emission
from NGC 106S originates from the Seyfert nucleus and half from the disk surrounding it,
with the disk being powered by star forination. The near-IR colors within an annulus with
inner diameter 30" and outer diamecter 36” (i. e, bracketing the ring) are: J --11 = 0.78 and
H — K =0.27, Consistent withthe colors of normal spiral galaxies, whereas the colors of the
nucleus itself (for a 3“ diaineteraperture) are extremely red: J — 11 == 1.15, /[ - \'== 1.10
and K — I, = 3.70, andcan best be representedinterms of a combination of uureddened
starlight plus obscured hot dust, emission (with ablackbody temperature 7'~ 800K), as
explained above. The ratios of the total fluxesinthering to the nuclear emission (defined
as the region interior to the stellar bar, within a 6“ diameter aperture)inthe observed
images are 0.S0, 0.65 and 0.37 at J, / and I\ band respectively, which demonstrates the

increasing dominance of the nuclear emission towards longer wavelengths.
NGC 2110

The central part of the Jand A~ band model-divided images (not shown here) displays
only an unresolved structure located atthe center of the galaxy, and a red “blob” at a
distance 9” (2 kpc) from the center inthe SE direction, which is possibly anlliiregionor
a forcground star. Themajor axis 1'.A.of the 3* diameterisophote inthe J, 11 and I
images is 170° — 174°, withthe major axis couverging to163° at larger radial distatices,

which coincides with the optical overall galaxy orientationof 160° -- 166° (W ilson, Baldwin,
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& Ulvestad 1985). The contribution of the unresolved nucleus at [/ appears to be smaller
than for most galaxies in our sample, withthe nucleus contributing only 42% of thetotal
flux within a 3* diamecter aperture.. The /IST [0 111] A5007 emission-line image of this
galaxy displays a curd cxtended emission morphology, which extends from the nucleus
over (/7 along the NW direction, andthen bends towards the N, with a total extent of
0’9 (Mulchacy et a. 1994). The P. A, of the near-1luclcar [0 111] A5007 and green continuum
isophotes in ground-based images is 15S0 (Mulchacy & Wilson 1995) in good agreement

with the near-IR P. A. at radial distances greater than 277.
NGC 2992

NGC 2992 is an Sa galaxy sccn alinost edge-on and interacting with NGC 2993. The
K-band image divided by the model of NGC 2992 is presented inFigure 6 (the image
derived from the J-band data shows asimilar morphology). The model-divided result for
this galaxy displays a very complex structure. 111 theinncrmost regions, thereis astructure
at P.A. = 37° seen inexcess, extending approximately 6” (1.3 kpc) from the nucleus to
the NE and 11" (2.4 kpc) to the SW. The spiralarms are also visible. The overall galaxy

orientation as derived from the P.A.plot is I'. A. =23°(sce Figure 4¢).

The He 4 [N 11} image presented in Colbert et al. (1996) shows the presence of a
dust lane which separatestheline emissioninto a double-lobed shape, extending shout
5¢ — 15" in the SI:-NW direction. A carcful alignment of our model-divided image with the
image in Colbert et a. (1996) shows that thelocation of the structure seen in our image
does not correspond with the position of the dust lane. Duc to tile high inclination of this
galaxy we cannot discern the nature of this structure. This galaxy also shosws extended
emission at L' (¥Figurelc),withthe contribution of the unresolved component to the total
observed flux being relatively small (26%) in comparison with what is found for most of

the galaxies in our sample. The P’ A. of the 3“ isophotesinthe J, / and i\ bands are all
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consistent with the orientation of the dust lane, while at larger radial dista nces the P.A.
become 2~ 23 — 26°, presumably tracing the underlying stellar distribution. The nuclear
K — L’ colors of this galaxy are the least red of any in our sample because the L/ unresol ved

component contributes a relatively small fraction of the total emission.
NGC 8081

The optical morphology of this galaxy is extensively discussed by Buta (1 990),who foundit
to possess three rings of diamneters 13" (nuclear), 67" (inner)and 150" (outer) together with
a weak bar which is enveloped by the inner ring. Our elliptical isophote analysis (performed
out to a radial distaunce of 30”) appears to showtwobars. Figure 7 displays the J-band
data results, and shiows the inner ring described in Buta (1990) inthe continuum image
(grey-scale). The n uclear bar has a P.A.=:117° (consistent with the P.A. of the nuclear
bar in Buta’s description), extending up to 6”6 (1.5 kpc)on either side of the nucleus. The

I'IIH

inner bar hasanaverage . A = ‘i The major axis position angle of this galaxy (i. e,
oricntat ion of the outer ring) is 1. A. =123°4 4° (Buta1990). }rom the J-band continuum
image, there is evidence for aring of 11 1I-regions withinner diameter 45" (10.4 kpc),
whose orientation is consistent again with that of the inner bar. The bars aud the rings
show evidence for star formationaccordingto Wozniaket a. ( 1995), who found similar
structures intheir optical continuum images; the isophotal analysis performed by Friedli
et al. (1996) on near-1R images of this galaxy agrees quite well with our results. The Ha
gloulld-based images obtained by Pogge (1939) and Storchi-Bergmann et al. (1996) show
the H 1l regions of the inuer ring congregating at the end of the inner bar. Thie Ha image
of the nucleus appears to be rather asymmetric and extended along the major axis of the
galaxy P.A.=125°(P ogee1989), with a diameter of 10", and whose orientation and size

are con sistent with those Of th e nucl ear barseen i our nmag es.

The 1'. A. for the 3* isophote inthe J, 1/ and A bands are stimilar (102° - 112°), but



coincide withtheP.A. of neither bar. The small-aperture J — I and HH — I colors (sce
Tables 2 ancl 3) of this galaxy seem to besimilar to those of elliptical or spiral galaxies
with no signs of activity (sce the study of the near-1R colors for galaxies of different
morphological types in the Com a Cluster by Gavazzi, & Trinchieri 19S9), whereas the

K — L' color, athough redder than that of a normal spiral galaxy, is much less red than the
colors shown by other Seyfert2 galaxies in our sample. The J - H [/ — K and I -- 1,
annular colors resemble those of a spiral galaxy. It is also noticeable that the near-1R colors

do not show large changes withincreasing aperture size.
NGC 3393

NGC 3393 is a SBab galaxy, the spiral arins of which form analmost complete ring. The
J-band image presented in Figure 1g dots not cover the full extent of the galaxy (the two
bright objects located N\ of the center of the galaxy are stars according to Tsvetanov &
Petrosian 1995). The faint outer spiral arms can be seen in the J-band iimage. The J-band
model-divided image (Vigure S) traces the stellar bar along P .A.>~ 160°-16.5°. A number
of H 11 regions arescen at the end of the bar, with positionsin good agreement with those
found in Tsvetanov & Petrosian’s image. The innermost regions of the model-divided image
display an unresolved central structure together with a linear structure (perhaps a faint
bar) inP.A.~145° —150°. The preseuce of the outer bar can be inferred from the variation
of the ellipticity and P.A. as a function of the distance from the nucleus (Figure 4g). Thie
high-resolution /.S7 [0 ] A5007 emissionline image of this galaxy (Schmitt & Kinney
1996) reveals S-shaped emission extending .5” along P. A.= 55°, The emission extends over
1'.’S oneither side of thenucleus, roughly 1- W, and then curves towards the Nand S, in the

same sensc as tile spiralarms.

The J, I and N-band 3" isophote P. AL are 160°, 149° and 142° respectively, roughly
1 1 S

perpendicular to the orientation of the [() 111 A5007 emission. NGC 3393 shows near-1R
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colors which resemble those of norinal spiral galaxies or unreddened starbursts, with no
evidence for dust emission or alarge amount of extinction,even for the smallest aperture.
Wedid not observe this galaxy at L', but, Boisson & Durret (1986) did and found that
the near-IR emission is dominated by stellar emission, with no excess cinission over their

|.-band stellar template.
NGC 4253

NGC 4253 (Mrk 766) is a barred SBBa galaxy with optical overall orientation I'. A. = 69°
(MacKenty 1990). Indeed, the J-band model-divided image (sec Figure 9, also seceninthe
direct image, Figure 1 i) clearly indicatesthe presence of a bar (i.e, positive galaxy mninus
model residuals) at P.A.~ 110°, which may be compared with the P. A.~ 60° of the out e
isophotes. The bar reaches 7¢ (2.7 kpc) to the SE and 97 (3.4 kpc) to the NW,in good
agreement with the size derived by McLeod & Ricke (19!3.5). Thisgalaxy also appears to
have an asymmetric armn 011 its northern side which is well traced by the model-divided
image, and a rillg-like structure extending to the NI, S and W. The [() 111] A5007
morphology (Mulchacy, Wilson, & I'svetanov1996)shows a core clongated 1-W with
fainter extensionsinthe NW-SE direction. Thelaline-emission exhiibits a ]Jlulne-like
structure to the I with line-ratios well described by H 11 region models (Gonzdlez-Delgado
& Pérez 1996). The high excitation gas forms a V-shaped morphology to the Sk of the
nucleus (in P.A.~120°and extending for S*), with a weaker NW extension. Thie P.AL of
the [0 111} A5007 and Ha emissions arc 112° and 107° (Mulchiaey et al. 1996),respectively,
in good agreement withthe direction of the stellar bar. The I'. A. of the 3" isophotesinJ.,

Hand K band are 102 — 114°, orientations sitnilar to those of the bar and possible colic.
NGC 4588
NGC 4388 is a highly inclined (i ~ 72°) Seyfert 2 galaxy which shows substantial dust

obscuration. This galaxy displayvs a complex morphology 1 emission-line images (Pogge
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19SS; Corbin, Baldwin & Wilson 19SS). The Hea-+[N11] image highlights Hllregions in
the disk of the galaxy. The[O 111] A5007 iinage, however, shows a conical shape along
P.A.=35° extendingapproximately 40" (3.3 kpc)NFEand 20" (1.6 kpc)SW of the nucleus.
Pogge (19SS) argues that the [O111] A5007 cinitting gas is likely to be either photoionized

by a nuclear continuum or shock ionized.

On large scales our J and \-band model-clivided images clearly trace the 11 11 regions
in the spiral arms of this galaxy (positive residuals in Figure 10). Inaddition, another
two structures outlined by positive residuals can be seen, thefirst extending at least 16”

(1.3kpc) along P.A.~45°, and the second approximately 12" (1 kpc)along I'. A, =~ 228°.
NGC 5252

NGC 5252 is a SO galaxy classified as a Seyfert 1.5-1.9, with a large-scale iounization bi-cone
(Tadhunter & Tsvetanov 1989). The overall galaxy orientation is at P.A. = 15° both in the
near-1R (see Figure 4k) and in the optical (Pricto & Freudling 1996). Ttie J and h-band
model-divided images (not shown here) clearly trace the stellar disk at this position angle.
The innermost regions of themodel-dividedimages revea the presence of alinecar structure
(also seen in the J — K color map, not shown here) elongated in the I-W direction and
unresolved in the N-S direction withanextensionz~ 3* (2kpc). Kotilainen & Prieto (199.5)
found a similar structure in their ncar-IR to optical color maps. Although thered linear
feature sewn in the NGC 5252 color map is real, we believe it is not a result of actual
structure in the galaxy, butrather reflects the combinationof the high axial ratio of the
stellar distribution, and the presence of a bright unresolved nuclear source a . The
nuclear source {(which is presumably transmittedradiation from the Seyfert 1tucleus)
contributes ~ 35% of the peak flux at i\ andtherefore produces a niuchredder J = i color
at the nucleus. Along the major axis of the galaxy, thesurface brightuessof tile stellar

component drops slowly, and so the red nucleus has little effect 011 the overall color beyond
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the seeing disk. Along the minor axis, however, the stellar surface brightness decreases
much more rapidly, so the nucleus has an effect onthe color over a greater diStaIlce,t‘hercbv\'
producing an elongated feature inthe color map. Thisinterpretation is consistent withthe
fact that this feature is more closely aligned perpendicular to the major axis of the galaxy
than to the ionization conc.In addition, scaling the J image to match the K imagein a
circumnuclear annul us, and then subtracting it, reveals only a nuclear point source, andno

F-W structure.

4. DISCUSSION

In general we donot find any clear trend between the orientation of the IFLRs and
that of the IR continuum structures necar the center of the galaxies. lowever, we clo find
bars or “bars within bars” in five out of thetwelve galaxies studied here,with two galaxices
(NGC 2992 and NGC 43SS) too inclined to detect a bar. 1t hasbeen argued that bars
might be responsible for transporting gas to the nuclei of galaxies. Codes modeliug the gas
flow in and around bars (sce Athapassoula1994 for a review)show that both the axial ratio
and the strength of the bar influence the form of the shock loci: weak bars have curved
shock fronts, with their concave part towards the bar major axis, whilestrong bars produce
straight fronts. As noted by Athanassoula (1994) it appears that the most promising
mechanism for pushing gas tothe center of the galaxy is that of “bars within bars”. The
numerical simulations of theformation of double bars in galaxies carried out by Friedli&
Martinet (1993) show that it is possible to form two bars simultanecously, together with a
gaseous ringand eventual dissolution of theinuer bar, orthe fortnation of a large scale
bar first and then asccond bar, and ultimately dissolution of the two bars. In both cases,
an increase of the gas masswithintheinner 0.2 — 1kpe is predicted, with the gas being

compressed into aregion 1 0% — 20% of the bar length. Further, the gas is expected to settle
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into a disk with rotation axis alongthe bar (e. g., Durisen et a. 1983).T'his disk couldthen
collimate both the radio cjecta and the ionizing photons along the bai(Morris et a. 1983).
If these predictions are correct we might expect to see an alignment between the inner bar
and the EELRs. Theinner bars in NGC 10GS, NGC 30S1 aud NGC 4253 are approximately
aligned with their EFLRs, whichscemns to support this scenario. Mrk 573 and NGC 3393

show evidence for double bars, but the orientation of their INlNLLRs scems unrelated to their

directions.

Finally by inspecting Table 4, columus (7) through (9), and ‘Jable 5, column(4),
we can explore the possibility of an aligninent between the emissionline gasand the IR
continuum on small scales. As mentioned above, such an alignment has been found in the
optical (Mulchacy & Wilson 1 995) for a sample of Seyfert galaxies of carly types withwell
defined emission line axes, and explained as possibly due to the presence of anextended
featureless continuum. Assuming that the typical errors in tile determination of the P. A.
of the [0 1] A5007 line emission are 10° (Mulchacy & Wilson 1995), we find that there
is alignment between the line emission and the near-IR continuum in four galaxies -
NGC 106S, NGC 2110, NGC 30S1 and NG 4253; of these, only NGC 2110 docesnot contain
a bar. The alignment found in the near-11{ forsome galaxies could, inprinciple,contradict
Mulchaey & Wilson’s (1995) interpretat ion because any such a featureless cent inuum would
be swamped by starlight inthe near-1R. Atnong those galaxies with ancar-IR alignment,
two of them (NGC 2110 aud NGC 4253) are in common with Mulchacy & Wilson (1995).
Note however that NGC 5252 has asimilarmajor axis I'. A. inoptical and near-1R continua,
but these directions are not aligned with the line emission.  Althougl it is not possible
to derive any general conclusions from our small sample of Seyfert galaxies with I°F 1,Rs,
it appears that non-axisymnetric structures may be playing some role intransporting
material into the centralregions. However there is no clear relationship between the

orientations of barsandl:li].Rs.
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5. CONCLUSIONS

We have carried out a ncar-IR imaging study of asample of type 1.5 - type 2 Seviert
galaxies with EINLRs,including some of the best studied examples of their class. The good
observing conditions together with the small pixel size used nave allowed us to obtain
high-quality images, whicli have been analyzed in detail inorder to gaininsight into the
structure of the inner and circurnnuclear regions of the galaxies. Inaddition to standard
synthetic aperture photometry (i. €., performed with fixed apertures in areseconds), we
have also obtained the ncar-1R colors of regions with lincar diameters of 0.5 and 1 kpe,
along with au annulus between these sizes. Previous studies of the near-1R properties
of Seyfert galaxies have shownthatthe J - H, H — K and ' — L' central colors (i. e.,
in a 0.5kpc diameter aperture) are well explained by a mixture of anevolved stellar
population plus acomponent of not dust inemission. Here we propose ainore realistic
model (in view of the dusty torusscenario)in which the non-stellar source (hot dust with
temperature 7'z~ 1200 K)issignificantly reddened (-t v =5 - 30mag), wlhicreas thestarlight
is unreddened. There is little evidence from the J - Hand H — K colors outside 0.5 kpc
for emission from hot dust. However,the N — 1 circumnuclear (i.e, 0.5 1 kpcannulus)
colors of some of the galaxies in our sample do show some indication of hot dust emission,
although its contribution is smaller thaniu the nucleus. We argue that this ext ranuclear

hot dust is heated by young stars.

The L'-band imaging has allowed us to quantify the extension of the emission at this
wavelength, which shows both an unresolved aud an extended component. We have also
found that the unresolved source of the emission accounts for between 26% and100% of the

cinission at I/ band.

Finally, we have fitted elliptical isophotes to the near-IR images in order to produce

smooth models of the stellar distribution. The model-divided images have been examined
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for isophotal deviations from elliptical symmetry, such as bars, spiral armsand dust bans.

The structures found in the model divided images have been compared with the orientations
of the F, ELRs, galaxy disk and radio sources. We have found stellar bars in NGC 106S and
NGC 4253, and evidence for double bars (or “bars within bars’) in Mrk 573, NGC 30S1

and NGC 3393. The orientation of the inner bars of NGC 106S, NGC 30S1 and NGC 4253
is approximately aligned with that of their EELRs, but inMrk 573 and NGC 3393 the bars
and the EELRs are not aligned (contrary to the conclusion of Axon & Robinson1996). Our

results suggest that there is no simplerelationship between bars and EF.LRs.
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Table 1771

l}lC sampl‘e.

Galaxy R.A. Dec Uhel class  Morphological Run (Filters)
[1]1950] [B1950] [k s™1] Type
(1) 2 (3) (1) ©) (6) (7)

Mrk 348 004601.9 +31 4104.1 4540 Sy 2 SA(s)0/a 1995 Jan JHKL')
Mrk 573 0141 2294 020556,3 5174 Sy 2 (R)SAB(rs)0 1995 Jan (JHKL')
NGC 1068 024007".1 00 1331,5 1136 Sy'2 (R)SA{rs)b 1995 Jan (JHNL')
NGC 2110 054946.4 -—072801.9 2284 Sy?2 SABO 1995 Jan (JHK L"), 1996 Dec (J I
NGC 2992 094317.7 —14 0542.8 2314 Sy 2 Sa pec 1995 Jan (JHNL'),
NGC3081 095710.0 -2235102 2394 Sy2  (Ry)SAB(r)0/a 1995 Jan (JHKL'),
NGC 3393 104600.0 —24 5348.0 4107 Sy 2 (R)SB(s)ab 1995 Jan (JH K), 1996 Dec (JH R
NGC4151 120s 01.1 +39 41 01.8 1281 Sy 1.5 (R')SAB(rs)ab 1995 Jan (JHKNL')
NGC4253 12 1555.6 + 30 0.525.6 3876 Sy 1.5 (R")SB(s)a 1995 Jan (JH K'Y, 1996 Dee (JHN)
NGC 4388+ 1'223 14.6 +1256 17.4 2524 Sy 2 SA(s)b 1995 Jan (JHKL'), 1996 Dec (11
NGC 5252 133541 -4 +04 4747.1 6890 Sy 1.9 S 1995 Jan (JH K1), 1996
Mrk 463\  135339.6 + 183656.5 15113 1995 Jan (JHNL')
Mrk 463F  135339.9 418 36 57. 15113 Sy 1.9

1995 Jan (JHK 1)

#Throughout this paper NGC 4388 is assumied to be located at the distance of the Virgo Cluster (e.g.,

Stone, Wilson & Ward 1983), d =

Note. -
from NASA/IPAC Extragalacti

¢ Database (NED).

17.1 Mpc (Freedinan et al. 1994).

Fquatorial coordinates, velocities, Seyfert class and morphological types have been obtained

1996 Dec (JH
1996 Dec (JH



Table 2.

Synthetic aperture near-1R photometry.
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Galaxy
(1)

Mrk 348

Mrk 573

NGC 1068

tint [S] Ap. Diam. []
(2) )
J 360 3
H 360 6
K 360 9
1’ 1055 12
15
J 360 3
11 360 6
K 360 9
171176 12
15
30
J 360 3
11 360 6
I 360 9
1513 12
15
30

J—H H-K
4 (5)
0.s0 0.55
0.75 0.44
0.73 0.42
0.71 0.43
0.70 0.4'1
0.6s 0.49
0.6s 0.40
0.66 0.37
0.66 0.36
0.66 0.35
0.64 0.35
1.15 1.10
1.00 0.ss
0.92 0.7.5
0.86 0.68
0.s5 0.61
0.s0 0.4s

N -1

3.70
3.36
3.10
2.93

11.78
11.18
10.93
10.76
10.63

10.29



Table 2--

Continued

Galaxy fint [S] Ap.Diam. [*]  J—H
1) (2) 3) (4)
NGC 2110 1360 (360) 15 0.93
H 360 (300) 3 0.4

I 360 (300) 6 0.5.5

11176 9 0.84

12 0.84

15 0.84

30 0.84

NGC 2992 ] 360 (360) 15 0.54
11:360 (300) 3 0.s0

I 360 (300) 6 0.s3

1/ 1176 9 0.83

12 (). ©

15 0.s1

30 0.7s

NGC 3081  J 300 (360) 1.5 0.74
11 300 (300) 3 0.72

K 300 (300) 6 0.66

1'1 176 9 0.65

12 0.63

15 0.63

30 0.62

1.00
0.76
0.54
0.47
0.-12
0.40
0.33

0..55
0.61
0.51
0.47
0.-15
0.44
0.42

1.52
1.10

0.96
0.73
0.66

0.93
0.56

11.37
10.60
9.86
9.48
9.24
9.06

3.61



Gal axy Line [S]
(1) (2)
NGC 3393 J 360 (360)

NGC 4151

NGC 4253

11360 (300)
K 360 (300)

J 360
1 360
I 360
1" 543

J 300 (360)
11300 ( 300)
K 300 (300)

- 43

Table 2-

Ap.Diam. [“]
©)

15

30

Continued

J 11
(4)

0.76
0. 66
0. 66
0.64
0.64
0.64
0. 60

0.97
0.90
0.86
0.83
0.1

0.73

1.13
[
0.91
0.85
0.s0
0.77
0.67

0.24
0.29
0.26
0.26
0.26
0.25

0.24

0.93
0.83
0.77
0.73
0.69
0.62

1.ss 8.66
1.s1 .45

1.s1 3.33
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Table 3. Near-1R colors for the 0.5 and I-kpc diameter apertures, and

the 0.5- 1kpcannulus.

Galaxy
(1)

Ap. Diam. [“]

(2)

Mrk 3'1s

Mrk 573

NGC 106s

NGC 2110

NGC 2992

NGC 30s1

NG C 3393

1.16
2.33
anu
1.02
2.04
aun

4.5

(W

9.10

artill

[S¥
8]
-1

=
(2]

allll

J—H
(3)

0.9240.10
0.8340. 10
0.774:0.10
0.663.0.10
0.694-0.10
0.7030. 10
1.063.0.10
0.9740.10
0.734 0.10
0 S23010
0.854 0.10
0.87:4:0.10
0.78:40.10
0. 824.0.10
0.854 0.10
074010
0.7040.10
0.634 0.10
0.66:+:0.10
0.66:£0.10
0.664 0. 10

0.77-£0.09
0.6140.09
0.484 0. 09
0.67-+0.09
0.5'53,0.09
0.49:+-0.09
0.924:0.09
0.744+0.09
0. -424-0.09
0.874 0. 09
0. 624-0.0{)
0. 4330. 09
0.524,0.09
0.55:4-0.09
0.46:4-0.09
0.34+4 0.09
0.294:0.09
0.26-:0.09
0.3140.09
0. 2930. 09
0.284 0.09

1.974:0.09
1.773,0.09
1.5540.11
2.4040.09
1.9240.09
1.514:0.09
3.514-0.09
3.10:4:0.09
1.213.0.10
1 644 0.09
1.284 0. 09
0.834 0.11
1.0240.10
0.82:40.13
0.594-0.15
1.1040. 11
0.71 4£0.13
0.3630. 20
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Table 3- Continued

Ap. Diam. ["]
(2)

Galaxy
(1)

NGC 415 4.17 0.9440.10
8.33 0.884:0.10
ann 0.724:0.10

NGC 4253 1.32 1.10+0.10
2.64 1.04:£0.10
ann 0.99:£0.10

NGC 4388* 3.00 1.0240.10
6.00 0.94:£0.10
ann 0.8840.10

NGC 5252" 1.50 0.724:0.10
ann 10

0.704:0.

aThe apertures correspond to 0.25 and 0.

annulus respectively.
b(entral colors corresponding to a 1-kpc

within a 1 — 2kpc annulus.

0.89+0.09
0.784:0.09
0.354-0.09
1.100.09
1.04:40.09
0.99+0.09
0.634:0.09
0.5240.09
0.36+0.09
0.64:0.09

0.47+0.09

1.8440.09
1.80:40.09
1.5840.14

1.914:0.10
1.454:0.15
0.3340.20

¢

2.0240.15

0.65:+0.20

50 kpe, and the 0.25—-0.50 kpc

aperture, circuinnuclear colors



‘I'able4. Fractions of the PSI contributionin the I-band withina 3“ diameter aperture
and within the I/ surface brightness limit. Position angles of the major axes of the J, 1/
and k' band images arc also give fora 5" (1995 Jan data) and 3“ (1996 Dec data) diamncter

cllipse.

Galaxy ~ FWHM 3 ruax fio Lhe.  PAQ) PALH)  PA(K)
[l %] [ (%] (mag) [1 [°] [°]

(1) @ @ w ®» © (7) (8) (9)
Mrk 3482 0.94 91 2.6 74 0.7 99 6 92"+ 6 9774 §
Mrk 573° 0.94 8 2.9 71 102 8941 874 2 8T 4 1
NGC 1068 1,10 100 7.5 85 4.5 4647 547 424 10
NGC 21100 110 15 2.9 42 9.7 174433  173+2 1704 3
NG C2992> 110 3 6.5 26 110 38+4 3744 394 4
NGC 3081*  1.67 93 35 70 106 10245 10343 11244
NGC 3393° 160+ 4 14944 1424 5
NGC 4151+ 110 100 4.3 91 6.6 707 THH 10 86T
NGC 4253Y co 1024120 11448 1004 1
NGC 4388"  1.06 100 2.9 100 9.5 7641 T4 T3
NGC 5252°  0.94 u 26 77 111 1842 184 2 154 1

Mrk 463F* 0.94

o)
[l
no
]
e 4]
Qe
o5}
Q]

aP AL from 1995 Jan data

bP AL from 1996 Dec data

*Note: P.As uncertain due to the low value of the ellipticity.
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Table 5. Neal-11{,o]jtical andradio position angles.

Galaxy P.A. P.A. P.A. P.A. References Structure
IR opt [0111] Radio
[1 (1 1 [1
) ) @) (4) ©) (6) (7)
Mrk 348 111 170 170 1,12,13 R: 90°
Mrk 573 0-10 170- 1{)0 120 118 2,2,14 B: 85°, B: 0°
NGC 1068 47-55 80 35 33 34,14 B: 47°
NGC 2110 166 160-166 157 ! 5,6,15 R (unresolved)
NGC 2992 23 e 67" =20 -, 7,15 F:35°
NGC 3081 71 123 125" 8,1, B: 1179, B: 71°
NGC 3393 161-167 55 55 -,4,16 B: 14597, B: 160°
NGC4151 22 55 92 94,15 R (unresolved)
NGC 4253 60 69 102 16 10,6,17 B: 108°
NGC 4388 95 90 35 26 11,11,14
NGC 5252 15 15 1 15 1,6,14 R: 90°
Mrk 463E 85 - 185 76 -,4,17

Note. - Columns (2) and (3): orientation of the outer galaxy isophotes in the 1R (J band) and optical.
Columns (4) and(5):P-A. for the [0 1] and radio cmissions. An asterisk (-) means that the orientation for
the Ha-+[N 1JAAG548,6583 i given. Column (6): references. Column (7): structures (and their orientations)
seen in the near- IR model-divided nuages. R=centralred structure, B=stellar bar or disk, E=structure in
€missiof.

References for optical data-. 1. Mulchacy et al. 1996; 2. Pogge & DeRobertis 19955 3. Baldwin et al.
1987; 4.Schmitt & Kinney 1996; 5. Wilson et al. 1985; 6. Mulchacy & Wilson 1995; 7. Colbert et al.
1996; 8. Buta 1990; 9. Pedlar et a. 1992; 10. MacKenty 1990; 11. Pogge 1988;12. Sirnpson et al. 1990,
References for radio data- 13. Nefl & deBruyn 1983; 14. Wilson & Tsvetanov 1994; 15. Ulvestad &

Wilson 1984b; 16. Cooke et al. 1997;17. Ulvestad & Wilson 1984a.
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Figure Captions

Fig. 1---- (@) Mrk 34s. Contour plots on a logarithmic scale of the Jand L' bandimages of
the sample of Seyfert galaxies observed during the 1995 Janrun. North is up and cast is to
the left. Note that the 64x G4 pixel I~baud images have been plotted at the same scale
as the J-band images. The lowest level displayed in the J-band contour plot is 21.:39 mag
arcsec™?, and successive contours are separated by 0.75 mag arcscc- 2. The lowest level

displayed in the L’-band contour plot is 14.62 jnag arcsec™?, and successive contours are

separated by 0.75 mag arcchtz.
Fig. 1--- (b)Muk 573, The lowest level displayed in the J-band contour plot is 21.29 mag

arcsec™?, and successt ye cont gups arc separated by 0.75 mag arcsec™?. The lowest level

2

displayed inthe L'-hand contour plot is14.80 mag arcsec™2, and successive contoursare

separated by 0.75 mag arcscé.

Fig. 1.- (c¢) NGC1068. The lowest level displayed in the J-band contourplotis 17.18  mag

arcsec™?, and successive contours are scparated by 0.40 mag arcsec™ 2. The lowest level
displayed in the L'-baund contour plot is 13.08 mag arcsec™2 | and successive €o ntours are

separated by 0.7.5 mag arcscc™2.

Fig. 1.- (d) NGC 2110. The lowest level displayed in the J-band contour plot is 19.95 mag
arcsec™ 2, and successive contours are scparated by 0.,50 mag arcsec 2. The lowest level
displayed in the 1/-band contour plot is 14.10 mag arcsec™?, and successive contours arc

2

scparated by 0.6 0 mag arcsec®.

Fig. 1--- (¢)NGC2992. The lowest level displayed in the J-band contour plot is 20.33mag
arcsec™?, and successive contours are scparated by 0.50 magarcsee->. The lowest l¢vel
displayedin the L'-band contour plot is ‘1-4<76 magarcsec™?, and successive contours arc

separated by 0.50 mag arcscc™?.
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Fig. 1 (f) NGC 30S1. The lowest level displayed in the J-baud contour plot is 19.53 mmag
arcsec™?, and successive contours are scparated by 0.40 mag arcsec™2. Thie lowest level

displayed in the L'-band contour plot is 15.15 mag arcsec™?, and successive contours arc
separated by 0.401mnag arcscel,
Fig. 1--- (g) NGC 3393. Thelowest level displayedinthe J-band contour plot is 20.21mag

- . .
arcsec™?, and successive contours are separated by 0.60 mag arcsec™

Fig. 1.- () NGC 41.51. Thelowest level displayed inthe J-band contour plot is 18.72 mag
arcsec™?, and successive contours are separated by 0.50 mag arcscec™2. The lowest level

displayed inthe L'-band contour plot is 12.96 mag arcsec™?, and successive contours arc
separated by 0.75 mag arcsce?.

Fig. 1--- (i) NGC 4253. Thelowestlevel displayed inthe J-band contourplotis 19.10mag

-— . -9
arcscc™ 2, and successive contours are separated by 0.60 niag arcsec™?.

Fig. 1.- (j) NGC 4388. The lowest level displayed in the J-band contour plot is 20. 88 mag

arcsec ™2, and successive contours arc separated by 0.50 mag arcsec™2. The lowest level

displayed in the L'~ band contour plot is 14.91 mag arcsec™?, and successive contours are
separated by 0.50 mag arcsec™?.
PFig. 1.- (k) NGC 5252. The lowest level displayed in the J-band contour plot is 21.16 mag

arcsec™ 2, and successive contours are scparated by 0.60 mag arcse” 2 The lowest level

displayed in tile L'-band contour plot is 14.5) mag arcsec™?, and successive contours arc
separated by 0.75 mag arcsec™?,
Fig. 1.- (1) Mrk46315+W. The lowest level displayed inthe J-band contour plot is

2

e - : —2 s
21.72 mag arcsec™?, and successive contours arc separated by 0.60 mag arcsec™ . The lowest

level displayed in the L'-band contour plot is 14.17 magarcsce™?, and successive contours

are scparated by 0.75 mag arcsed?,



ok}
S

Fig. 2--- (a) and (b) J — Hversus Il — KN and // — K versus ' — L/ diagrams. Open
and filled circles arethe 0.5 and 1 kpc-aperture colors respectively, while stzLr-like symbols
represent the circumnuclear (0.5 — 1 kpc-annulus) colors. Maximum errors (which apply to
the annular colors) are plotted in the lowerright part of the diagrams: A(J — //)= 0.13,
A(H - K) =0.12 and A(K — 1/)=0.12mag. Scectext for a detailed explanation of the

mixing curves and other symbols.

Fig. 2-- (c¢) aud (d) J — H versus /] — N and H — K versus \' — L’ diagrams showingthe
cffects of differential extinction between the stars (unreddened) and the hot dust emission
(reddened by Ay == O --40 mag). The numbers next to the curves indicate the ratio of the

dust emission to the galaxy omission(%‘l‘*jl‘). Sectext for details.

Fig. 3---- Surface brightness profiles (inmagarcsec*®) in the 1/ band for four galaxies of the
sample. The squares represent the observed galaxy data points with their associated errors.
The star-like symbols are data points for the PSH brightness profile computed fromthe

standard star obscrvedshortly before or after the galaxy, and scald to matchthe cont ral
brightness of the galaxy. The data point spacing corresponds to tile pixelsize of the images,

i.e, 07286 pixel-l. The dashedline is a Gaussianfunction fit to the stellar profile.

Fig. 4. - Surfacebrightnessprofile, ellipticity andmajor axis P.A. (and their corresponding
errors) as a function of thescmi-major axis of the fitted ellipse in thie J band for each

galaxy in our sample except Mrk 463, Wlhien the galaxy was observed during both runs, for
the ellipticity and P. A.we plot the 1995 Jan data as filled squares, and the 1996 Dec data

as open circles.

Fig. 5= NGC1068. Theblack contours representthe J-bandimage divided by a s11100111
model on a logarithmic scale. The grey scale map is the J-band continuum image on a
logarithmic scale. Thesize of tile image is40” x 40”. Note that in this figure and successive

figures, co ntours greater than 1 (implying the galaxy emission is brighter than the model)



are shown as solid lines, whereas contours less than 1 (implying the galaxy cinission is
fainter than the modcl)are plotted as dashedlines. The contours represent diflerences
between the galaxy emission and the inodel at levels 3%, 6%, 12% and 25%. Orientation
is north up, east to the left. 10” corresponds to 1.] kpc. The model-clii’idccl image shows
an impressive baralong 1’.A. = 45°, together with some features which could be associated
with dusty regions, as suggested by the similarity with the CO morphology (sec fig ure 2in
Helfer & Blitz1995). Note also the presence of a number of Hllregions or dust features in

thering of star formation exterior to the bar.

Fig. 6---- NGC2992. The black contours, plotted ona logarithmic scale, represent the result
of dividing the K-bandimage by asmoothmodel and smoothing with a 2-pixel boxcar. The
contours represent differences between the galaxy emission and the model at levels 3%. 6%.
11% and 22%. The grey scale map is the A-band continuum image on a logarithimic scale.
10” corresponds to2.2kpe. Thie Inodcl-divided image shows avery complex morphology.
‘I'here is astructure scen in emission located at P. AL = 35°, which may be compa red
with the galaxy disk major axis inP.A. = 23°. The model-divided image contours clearly
trace the position of the spiral arms in the outer regions. ‘1’here is aso structure roughly

perpendicular to the galactic plancandextending over 10" from the nucleus to the NW.

Fig. 7---- NGC 30S1. Tl black contours, plottedon a logarithmic scale. represent the result
of dividing the J-bandimage by a smooth model and sinoothing with a 4-pixel boxcar.
The contours represent differences between the galaxy emission aud tile model at levels 2%.
5% and 15%. The grey scale map is the J-band continuum image 011 a logarithmic scale.
| 0" correspondsto2.3kpe. The H(~cl(I-(iii’i(l~(I image clearly shows the presence of two
bars, a nuclear bar elongated inP.A.=118°, and auinner bar (which is more diffuse and
extended) in 1”.A. = 71°. Note that the elliptical isophote model was computed out to a

radial distance of 30”. Also apparent in the grey scale map is a diffuse ring of 11 11 regions



9.4

surrounding the inner bar, and a number of Hilregions.

Fig. 8---- NGC 3393. Theblack contours, plotted on a logarithmicscale, represent the result
of dividing the J-band image by simooth model and simoothing with a 2-pixel boxcar. The
contours represent differences between the galaxy emissionand the model atlevels 1 %, 3%.
5%, 10% and 20%. The grey scale map is the J-band continuum image on a logarithmic
scale. The size of theimage is 40" x 407, 1 O“ correspondsto 4 kpce. The positive residuals
trace the stellar bar running NW-SEin P. A. >~ 160 — 165°. Note aso the presence of an

inner structure with’.A.~145 — 150°

Fig. 9---- NGC4253. Theblack contours, plotted on a logarithmic scale, represent the result
of dividing the J-bandimageby a smoothmodeland smoothing with a 2-pixel boxcar.
The contours represent diflerences between tile galaxy emission and the model at levels
2%15% and 12% The grey scale map is the J-band conti nuum image on a logarithinic
scale. 10" corresponds to 3.S kpc. There are clear residuals from the bar running SE-NW
inP.A.=10 SO. The model-divided image also traces the asymmetric spiral armon its

northern side, together with a ring-like structure to the N1Ii, Sl and W.

Fig. 10.- NG C 4388. The black contours, plotted onalogarithmic scale, represent the
result of dividing the J-bandimage by a sinooth model and smoothing with a 2-pixel
boxcar. The contours represent differences between the galaxy emission and the model at
levels 2%, 4%, s% 19% and 43% The greyscalemapis the J-bandcontinnumimage 011 a
logarithmic scale. 10” correspondsto 0.8 kpe. The model-divided image contours reveal the
presence Of a number of structures: spiral arms with embedded H 11 regi ons which extend
along the overall galaxy oricntation (|’/\ ~ 95°), and also two structures projecting out of’
the plane to the NEaudSW at . A. ~  45° and P.A. =~ 228° respectively, which might be

related to the high excitation extranuclear gas.
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